Family studies, largely based on questionnaires, of patients suffering from atrial septal defect have shown a small but significant increase in the number of close relatives affected by congenital heart malformation (Campbell and Polani, 1961; Lamy, de Grouchy, and Schweisguth, 1957) . A more recent family study, where available parents and sibs of affected patients were interviewed and clinically examined, revealed a higher proportion of affected relatives (Nora, McNamara, and Fraser, 1967b) . A further series seemed worth while, particularly one giving information on the occurrence of cardiac malformation in offspring of patients with atrial septal defect. The results of such a study are reported here.
Family studies, largely based on questionnaires, of patients suffering from atrial septal defect have shown a small but significant increase in the number of close relatives affected by congenital heart malformation (Campbell and Polani, 1961; Lamy, de Grouchy, and Schweisguth, 1957) . A more recent family study, where available parents and sibs of affected patients were interviewed and clinically examined, revealed a higher proportion of affected relatives (Nora, McNamara, and Fraser, 1967b) . A further series seemed worth while, particularly one giving information on the occurrence of cardiac malformation in offspring of patients with atrial septal defect. The results of such a study are reported here.
Method and Material
Records of the Wessex Cardiothoracic Centre were searched and an attempt was made to trace those patients who had attended the Centre during the period January 1960 January -1966 , in whom the diagnosis of atrial septal defect was made by clinical methods and electrocardiographic findings, and confirmed by cardiac catheterization, surgery, or necropsy. Those living far overseas were excluded, as were those patients who had died and whose parents were not available for interview. A particular effort was made to trace adult patients in order to gain information about their offspring. To obtain a homogeneous group, patients were excluded if a final diagnosis of ostium primum defect was reached, or if the atrial septal defect formed only a minor component of a more complex lesion.
Eventually 136 patients were invited to participate in the study. One did not wish to co-operate, so 135 patients from 131 families were included as index patients. These patients and their families were visited and a full social and family history elicited. Wherever possible, parents, sibs, and offspring were examined. No relative was included as suffering from congenital heart malformation unless there was confirmatory evidence from hospital records or death certificate.
The index patients were grouped according to the cardiological diagnosis (Table 1) . Received March 4, 1969. Group I comprised 99 patients (30 male and 69 female) in whom an ostium secundum defect was the only cardiovascular malformation.
Group II comprised 25 patients (10 males and 15 female) in whom an ostium secundum defect was associated with some other cardiovascular abnormality. Anomalous venous drainage, pulmonary valve stenosis, and ventricular septal defect were the most common associated anomalies, but aortic coarctation, persistent ductus arteriosus, mitral stenosis, and subaortic stenosis were also found.
Group III comprised 11 patients (7 male and 4 female) in whom a sinus venosus type defect was diagnosed. These were all associated with some degree of anomalous venous drainage.
A female preponderance was found among the index patients, giving a sex ratio of 0-53. This preponderance was most marked among the patients with isolated secundum defects.
Associated Non-cardiac Malformations in Index Patients. One index patient had Down's syndrome and two were educationally subnormal. Three children had strabismus, one had accessory nipples, and one accessory auricles. One child had had an operation for pyloric stenosis. Minor skeletal abnormalities included two bifid ribs in a boy, and triphalangeal, finger-like thumbs in a girl, similar to those described by Holt and Oram (1960) associated with atrial septal defect. Neither the parents nor the sibs of this index patient had a similar thumb or cardiac abnormality.
Twins. Four of the index patients were one of twins; in no case was the co-twin affected. One pair was of unlike sex and one female pair was known to be dizygotic. In the other two female pairs there was insufficient evidence to determine zygosity. 255 Results Summaries of the families are given in Appendixes A, B, and C.
(1) 78 Index Patients whose Mothers were Interviewed. These index patients were distributed as follows. Group I: 53 patients (20 male and 33 female); Group II: 19 patients (10 male and 9 female); Group III: 6 patients (5 male and 1 female).
Maternal and Environmental Factors. The distribution of index patients by maternal age and birth order (Tables II and III) was compared with the Registrar General's figures for the relevant year of birth. (The index patient with Down's syndrome was excluded because of the known association between this syndrome and high maternal age.) The results showed no significant variation from the expected distribution.
The social class of each index patient was determined by the father's employment according to the Registrar General's classification of occupation (1960) . A high proportion of parents in the armed services was noted, due probably to the presence of large naval and military bases within the region, but no other significant variation from the distribution in the general population was noted (Table IV) .
The season of birth of each index patient was tabulated (Table V) The results of the pregnancies are tabulated in Table VII . There was a total of 121 pregnancies resulting in 110 live births, 1 stillbirth, and 10 abortions (8 5%). Three of these children had non-cardiac congenital malformations, i.e. hydrocephalus, fragilitas ossium, and a giant naevus (2-7%). These figures show no significant increase over the expected incidence of stillbirth, abortion, and congenital non-cardiac malformation in the general population.
Congenital cardiac lesions were found in 10 of the 111 offspring (9%). These 10 affected children (6 male and 4 female) were all among the 82 born to affected mothers, none of the 29 children born to affected fathers being themselves affected. Table VIII . In 8 cases the lesion found in the relative was identical to that in the index patient, and in a further 6 relatives it was partially so, an atrial septal defect being found in all these 14 relatives. Among the remaining relatives, 7 had ventricular septal defects, 4 in one family showed left ventricular cardiomyopathy, and 1 had mitral stenosis and aortic coarctation with a patent ductus arteriosus.
Discussion
Familial aggregation of atrial septal defect is apparent in the results of this family study. A recurrence of congenital heart malformation in 6 30% of sibs of index patients is a higher rate than was reported by Campbell and Polani (1961) or by Nora et al. (1967b) . The recurrence in 9%, of offspring of index patients in this study, and the high rate of recurrence in sibs is partly due to the inclusion of a remarkable family where both mother and son were index patients and there were six affected children (Fig.) . In this particular family, left ventricular cardiomyopathy occurred in the father (I.1) and for the purpose of calculating the recurrence rates. Excluding this family, recurrence of congenital heart malformation was found in 3 7% of sibs of index patients (a figure close to the 3 6% reported by Nora et al., 1967b) and in 3-8% of offspring of index patients. Studies of the maternal age and parity at the birth of the index patient and the social class of the family gave no evidence of these environmental factors being involved in the aetiology of atrial septal defect. Landtmann (1965) found an increase in the number of babies born with atrial septal defects in late summer and early autumn, corresponding he suggests with the winter occurrence of acute viral infections, which would affect the mother in early pregnancy. This finding is not confirmed in the present series where no significant trend in the season of birth of the index patients was noted.
The twins in this study showed no concordance for atrial septal defect. Uchida and Rowe (1957) reported no increased concordance for congenital heart malformation among monozygotic twin pairs than among dizygotic pairs. A personal study by Nora et al. (1967a) reported two monozygotic twin pairs where both twins were affected with atrial septal defect, and three dizygotic twin pairs where only one twin was affected with atrial septal defect. Though these figures are small, they support the suggestion that genetic factors are involved in the aetiology of atrial septal defect. (Edwards, 1960) , and it is suggested that the results of the present study can be explained on the hypothesis that the genetic predisposition to atrial septal defect is polygenic.
Similarity of the lesion in affected relatives of patients with atrial septal defect has been noticed in previous reports (Christensen and Nelson, 1963; Carleton, Abelmann, and Hancock, 1958) . In the present series, 4 of the 26 affected first degree relatives suffered from left ventricular cardiomyopathy and came from the one family. In the remaining 22 first degree relatives, only 8 showed an identical lesion to the index patient, but 14 (63-6%) had an atrial septal defect. Thus, 63 6% of the 3-70/ of first degree relatives found to have a congenital cardiac malformation had an atrial septal defect-a recurrence of atrial septal defect in 2-35 %O of first degree relatives.
The incidence of congenital heart malformation has been estimated to be about 6 per 1000 births, and in a Liverpool series Hay (1966) found a defect of the atrial septum in 11 7 %O of affected babies; the incidence of atrial septal defect, estimated from these figures, is 0 07% of births. Using the method described by Falconer (1965) , with a population incidence of 0 070, and an incidence in first degree relatives of 2 35%/, the heritability of atrial septal defect is about 70%O (69%/ + 9%/)
The sharp fall-off in the proportion of second degree relatives affected is in accordance with polygenic injeritance (Carter, 1961 (Carter, , 1969 , and is in contrast to the expected even halving of the proportion affected with each degree of relationship, if a dominant gene with a reduced penetrance were involved. A deviation from the normal sex ratio with a preponderance of females was found, as in previous studies (Campbell and Polani, 1961) . There is, however, no evidence from the families now reported, that the relatives of the less commonly affected sex are more at risk than those of the commonly affected sex, but the male deficit is not large enough for any considerable increase in risk to be expected.
With polygenic inheritance, the risk of the abnormality occurring within a family is increased if there are affected close relatives. The large family in the present series, in which a mother and five of her children have septal defects, and the families described by Nora et al. (1967b) and by Campbell and Polani (1961) with many affected members, could represent families where many of the predisposing genes are concentrated.
Two consanguineous marriages among the parents of 135 index patients is possibly higher than expected in the general population, but is compatible with polygenic inheritance (Carter, David, and Laurence, 1968) . None of the 6 sibs of the consanguineous sibship was affected with atrial septal defect, so there was no recessive subgroup detectable by parental consanguinity in this series. It has been suggested that recurrence of anomalies within a sibship is as likely to be due to persistence or recurrence of environmental factors as to a common genetic inheritance (Yen and MacMahon, 1968 Maternal age and parity, maternal health during pregnancy, season of birth, and social class studies gave no evidence of these environmental factors being involved in aetiology.
In all, 3.70% of sibs and 3 8%°of offspring of index patients were affected with congenital heart malformation, the cardiac lesion being an atrial septal defect in 63%' of affected first degree relatives. The heritability is estimated at 70%/. These findings are compatible with the hypothesis that the predisposition to atrial septal defect is polygenic.
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